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With phenylhydrazine, 2-acemnyl- and 2-phenacyl-2-phenylindan-l, 
3-diones form phenylhydrazones at the oarbonyl group of the side chain. 
On prolonged heating, a reaction takes place with the expansion of the 
five-membered ring into a six-membered ring and the formation of the 
corresponding 5-hydroxy-l-phenylbenz[g]indazoles. A reaction mech- 
anism is proposed. The structure of the compounds obtained has been 
confirmed by their IR and UV ~pectra. 

i, 4-Dikemnes react with hydrazine and phenylhy- 

drazine to form either dihydropyridazines or amino- 

pyrroles [1-5], while sometimes the reaction is lim- 

ited to the formation of mono- or dihydrazones of the 

initial diketones. 
2, 2- Disubstituted indan- 1,3- diones containing an 

acetonyl or a phenaeyl group in the 2 position are 
simultaneously i, 4-diketones. With the aim of obtain- 
ing cyclic nitrogenous compounds, we have studied the 
reaction of the 2-aeetonyl- and 2-phenacyl-2-phenyl- 
indan-l, 3-diones obtained previously [6, and 7, 8, 
respectively] with phenylhydrazine. As already estab- 
lished, 2, 2-d isubs t i tu ted  indan-  1, 3 -d iones  containing 
acetonyl and phenacyl groups in posit ion 2 tend to 
expand the f i ve -membered  r ing  into a s i x - m e m b e r e d  o 
r ing.  I somer iza t ion  usual ly  takes place when the t r i -  ~ c~ j / . ,  
ketones are heated with sodium methoxide in metha-  %fit.~\c,,coR 
nol, with the format ion of 1, 4-dihydroxynaphthalene ta.h o 
der iva t ives  [7, 9, 10]. o, 

~ / E O R  
It has been found that when 2-ace tonyl -  and 2-phen-  ~ ' ~  .~l ~" 

acy l -2-phenyl indan-1 ,  3-diones  (Ia and lb, r e spec -  "\q~ 
tively) are  heated with phenylhydrazine in acetic acid, Ilia O11 

the five-membered ring of the Indandione system 

again rearranges into a six-membered ring with the 

formation of derivatives of 5-hydroxy-l-phenylbenz- 

[g]indazole, lla, b. The fact that the reaetion does 

actual ly take place with the expansion of the r ing is 
shown by the p repara t ion  of 5 -hydroxy-3-methyl -1 ,  4- 
diphenylbenz[g]indazole (I~) d i rec t ly  f rom 3-acety l -1 ,  
4-dihydroxy-2-phenylnaphthalene  (Ilia) and phenylhy- 
drazine  when they are  heated in glacial  acetic acid. 
In all probabil i ty,  the react ion takes place with the 
format ion of the phenylhydrazone of the dihydroxy- 
naphthalene IIIa which, on fur ther  heating, eyclizes 
into the benzindazole .  The cyclizat ion of cyclic/3- 
ketoenols by means  of phenylhydrazine has been 
descr ibed in the l i t e r a tu re  repeatedly.  For  example,  
2 - b e n z o y l - l - t e t r a l o n e  and its der iva t ives  reac t  with 
phenylhydrazine to form 1, 3-diphenyl-4,  5-dihydro-  
1H-benz[g]indazole [11, 12]. With phenylhydrazine,  
2 -benzoy lnaph th - l -o l  forms a phenylhydrazone which 
cyclizes in the p resence  of polyphosphoric acid to 
1, 3-diphenylbenz[g]indazole [13]. The cyelizat ion of 
the phenylhydrazones of f l -ketoenols  has also been 

extended to der ivat ives  of 3 -acy l -4 -hydroxycoumar ins  
[14, 15t. 

C6H5\ N__ N 
l Ii 

HoNNHC6H~. ~ ~ I t H  

. " 5 
\ \ ~  na,b OH 

a R=CH 3, b R=C6H 5 

However, the scheme given above for the indepen- 
dent synthesis  of the hydroxybenzindazole der ivat ive  
IIa f rom the cor responding  dihydroxynaphthalene IIIa 

Table 1 

IR Spectra of the Phenylhydrazones  IV and the Benzindazoles  

v in the 1500-! v 
Compound Medium 11600 cm-1 C=.N. VC=O, vN~tm.OiH, 

region cm . cm "1 

2-Acetonyl-2-phenylindan- 1,3-dione phenyl- 
hydrazone (IVa) 

2-Phenacyl-2-phenylindan- 1,3-dione phenyl- 
hydrazone (VIb) 

5-Hydroxy-3-methyl-1,4-diphenylbenz [g]in- 
dazole (IIa) 

5-Acetoxy-3-methyl-1,4-diphenylbenz [ g ]in- 
dazole (Via) 

5-Acetoxy-1,3,4-triphenylbeoz[g]indazole 
(Via} 

*The IR s p e c t r a  w e r e  t a k e n  o n  a UR-IO instrument. 

Nujol 1580, 1606 

Nujol 1511, 1600 

Nujol 1505, 1585 
1598 

nichloro- 1507, 1596 
ethane 

Nujol 1507, 1593 

Nujol 1500, 1597 

I 

1620 
1625 

1712 3333 
1744 
1709 3333 
1743 

3550 

1761 

1773 
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Table 2 

UV Spectra  of the Compounds Discussed in Ethanol 

CO ru- )'max" nm ~'rnax, n m  )~moy, n m  ~'max, nm 
pound (e �9 10 -3) (e �9 10 -3) (e �9 10 a) (e �9 I0 -a) 

l a  
Ib 

IVa 
IVb 
IIa 
IIb 

Via 
VIb 

VII 

227 (46.0) 
227 (45.2) 
226 (47,2) 
227 (45.0) 
221 (44.0) 
220 (43.5) 

224 (41.2) 
222 (57,7) 

250 Shoulder  
245 (32.0) 
268 (22.2) 
251 (20.2) 
266 (31.4) 
258 (27.5) 
270 Shoulder 
257 (36.9) 
252 (48.0) 
262 (22.4) 

300 Shoulder 
284 Shoulder 
320 (8.9) 
320 (8.5) 

301 00.2) 
310 (14.8) 
282 Shoulder 
292 Shoulder 
302 Shoulder 

342 (8.0) 
340 (7.5) 

340 (4.5) 
342 (6.7) 

g ives  no grounds for  assuming  that dihydroxynaphtha- 
lene de r iva t ives  a re  in t e rmed ia te s  in the format ion  of 
benzindazole  de r iva t ives  f rom the t r ike tones  Ia, b. 
The fact that the 2-ace tonyl -  and 2-phenacyl indandi-  
ones Ia, b, f o r m  the phenylhydrazones IVa, b in acet ic  
acid even at r o o m  t empera tu re ,  compels  one to imag-  
ine that the mechan i sm for the format ion of the benz-  
indazoles II f rom 2-ace tonyl -  and 2-phenacyl indan-1,  
3-diones  is d i f ferent  f rom the mechan i sm of thei r  fo r -  
mation f rom dihydroxynaphthalenes.  In our opinion, 
the phenylhydrazones of the t r ike tones  Ia, b are  in t e r -  
media tes  in the reac t ion ,  l%enylhydrazine r eac t s  with 
the carbonyl of the s ide chain s ince the I1R spec t r a  of 
the phenylhydrazones IVa, b r e t a i n t h e  s t r e t c h i n g v i b r a -  
t ions of the f i -d icarbonyl  grouping (Table 1) [16]. Then, 
as a r e su l t  of the i n t r amolecu la r  in terac t ion  of the 
amino and carbonyl groups of the phenylhydrazone,  
the polycycl ic  sy s t em of t e t rahydropyr idaz ine  (Va, b) 
is formed,  which then undergoes i somer i za t ion .  The 
in te rmedia te  format ion of the polycycl ic  sys tem of 
t e t rahydropyr idaz ine  is not a m a t t e r  of doubt, s ince 
the i n t r amolecu la r  in terac t ion  of the amino and ca r -  
bonyl groups leading to the polycycl ic  sys t ems  of 
pyr ro l id ine  and py r ro l ine  has been observed  for a m i -  
noindandiones [17, 18]. Thus, it may be assumed that 
the p roce s s  of r e a r r a n g e m e n t  takes place within the 
t e t rahydropyr idaz ine  der iva t ive  fo rmed  as an in te r -  
media te ,  and it  can be r e p r e s e n t e d  by the following 
s chem e: 

/c6H ~ %no ~\'>'\c 
rO NHN 
\ / i HO',, I I 

.2NNHCoH ~ ~ . C ~  CH~CR F ~  .r\--C.. /CH 2 

-../ x c C It 

O I ra  b 

C6 H5 \ N--N H6H5 \N'~ '~C--  I~ HO .IN--~I C6H5\ 
HO" ~t~ " ~ R  ~ C ~ - H  H -- i H -, --C~ c~C -- R 

- -  ~ C ; 6 H  ' J - -  ~ t\H [ - H 2 0  

O~@ . . . . .  : ....... OH J I la .b  OH 
a R=CH~ b R=Cst t  ~ 

The dr iving fo rce  of the r e a r r a n g e m e n t  of the in- 
dandione sys tem into a benzoimidazole  sys tem is un- 
doubtedly the gain in energy  in the t r ans fe r  f rom the 
in te rmedia te  sys tem of the nonaromat ie  polycycl ic  
t e t rahydropyr idaz ine  to the a romat i c  sy s t em of benz-  
indazole.  

The 5-hydroxybenz[g]indazoles  IIa, b that we 
obtained are  co lo r l e s s  or  s l ight ly  yellow substances  
soluble in ethanolic alkali  with a yellow colorat ion.  
On acetylat ion they fo rm the acetoxy de r iva t ives  Via, 
b. 

C6H5\ %H5\ 

r fl..~ 
\CGHs / \  

Vla,b  OCOCH 3 VII CIt2CH 3 
a R=CH 3, b R--C~fl 5 

To confirm the s t ruc tu res  put forward, the I1~ and 
UV spect ra  were recorded (Tables 1 and 2, r e spec -  
t ively).  

As a l ready mentioned,  the phenylhydrazones of the 
t r iketones  IVa, b re ta in  the charac te r i s t i c  f requencies  
of the s t re tching v ibra t ions  of the ~ -d ica rbony l  group- 
ing at 1710 and 1744 cm -1. 5-Hydroxy-1,  3, 4-benz[g]-  
indazole has the band of the s t re tch ing  vibra t ions  of a 
hydroxy group at 3528 cm -1 in Nujol and at 3544 cm -1 
in dichloroethane,  while in 5 -hydroxy-3 -me thy l -1 ,  4- 
diphenylbenz[g]indazole this band appears  only in di- 
chloroethane solution at 3550 cm -1 and is absent  in 
Nujol, for  some unknown reason .  On acetylat ion,  these 
f requenc ies  d i sappear  and the bands of the v ibra t ions  
of an e s t e r  group appear  in the 1760-1775 cm -1 region.  
In some compounds, low- in tens i ty  absorpt ion appears  
at about 1625 c m - i ;  we assume that  this r e l a t e s  to the 

s 

4 

3 

2 

1 

200 30~ 400 A, nm 

UV absorpt ion spec t ra :  
1) lib, 2) IIa, 3) Via. 

s t re tch ing  vibra t ions  of the C-~N bond, s ince indazole 
and its de r iva t ive  usual ly  have a band of the v ibra t ions  
of the C ~ N  bond in the 1620-1660 c m - t  region [19]. 
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s t r e t c h i n g  v i b r a t i o n s  of the C = N  bond in the  1620-1660  
c m  -1 r e g i o n  [19]. 

The UV s p e c t r a  of the  5 - h y d r o x y b e n z [ g ] i n d a z o l e s  

(Table  2) have  four  a b s o r p t i o n  bands :  s t r o n g  b a n d s  at 

220 and 260 n m  and l o w - i n t e n s i t y  b a n d s  at  320 and 342 

n m .  When the  h y d r o x y  g r o u p  i s  a c e t y l a t e d ,  both  the  

m i d d l e  b a n d s  a r e  sh i f t ed  h y p s o c h r o m i c a l l y  ( see  f i g u re ) .  
F o r  c o m p a r i s o n ,  the  a b s o r p t i o n  m a x i m a  of c o m p o u n d  
VII, which  h a s  b e e n  d e s c r i b e d  in the  l i t e r a t u r e  [11], 

a r e  g iven .  

EXPERIMENTAL 

2-Acetonyl-2-phenylindan-1, 3-dione phenylhydrazone (IVa). A 
solution of 1.4 g (0.005 mole) of Ia in 6 ml of glacial acetic acid was 
treated with 1 ml (0.010 mole) of phenylhydrazine. After a few min- 
utes, 1.65 g (89%) of IVa was filtered off in the form of yellow crystals 
with mp 209 ~ C (from ethanol). Found, %: C 78.27; H 5.43; N 7.93. 
Calculated for C~H2002N2, %: C 78.27; H 5.47; N 7.61. 

2-Phenacyl-2-phenylindan-1, 3-dione phenylhydrazone (IVb). A 
mixture of 3.4 g (0.01 mole) of Ib and 2.0 ml (0.02 mole) of phenyl- 
hydrazine was heated in 10 ml of glacial acetic acid for 7 min. A 
3.1 g quantity (72%) of IVb deposited. It was recrystallized from etha- 
nol to give yellow crystals with mp 207 ~ C. Found, %: C 80.97; 
H 5.38; N 6.63. Calculated for C29H2202N2, %: C 80.91; H 5.15; N 6.51. 

5-Hydroxy-3-methyl-1, 4-dtphenylbenz[g]tndazole (IIa). a) A mix- 
ture of 8.34 g (0.03 mole) ofIa, 5 ml (0.05 mole) of phenylhydrazine, 
and 35 ml of glacial acetic acid was heated for an hour. The solvent 
was distilled off, the residue was dissolved in 15-20 mi of ethanol, 
and the solution was left in the refrigerator. After 3 days, 5.3 g (50%) 
of IIa was filtered off. It was recrystallized from ethanol with the 
addition of activated carbon to give yellowish crystals with mp 170- 
171 ~ C. The substance dissolves in ethanolic alkali with a yellowish 
coloration. 

b) A mixture of 2.78 g (0.010 mole) of IIIa, 1.5 ml (0.015 mole) of 
phenylhydrazine, and 20 ml of glacial acetic acid was heated for 2 hr. 
The solvent was distilled off, and the oil was dissolved in ethanol and 
left in the refrigerator. After 4 days, 2.45 g (70%) of IIa was filtered 
off. Recrystallization from ethanol yielded slightly yellowish crystals 
with mp 170-171 ~ C giving no depression of the melting point with 
the substance obtained in experiment (a). Found, %: C 81.98; H 5,21; 
N 8.28. Calculated for C24HIsON2, %: C 82.28; H 5.18; N 8.00. 

5-Hydroxy-1, 3, 4-triphenylbenz[g]indazole (IIb). A mixture of 3.4 
g (0.010 mole) of Ib, 1.1 ml (0.011 mole) of phenylhydrazine, and 10 
ml of glacial acetic acid was heated for 2 hr. On cooling, 3.16 g 
(77%) of IIb precipitated. Two crystallizations from acetic acid gave 
colorless crystals with mp 190-191 ~ C. The substance dissolves in 
ethanolic alkali with a yellow coloration. Found, %: C 84.67; H 4.90; 
N 6.78. Calculated for CzgHz0ON2, %: C 84.45; H 4.89; N 6.79. 

5-Aeetoxy-3-methyl-1, 4-diphenylbenz[g]indazole (Via). A mix- 
ture of 0.5 g of IIa, 10 ml of acetic anhydride, and 0.6 g of anhydrous 
sodium acetate was heated for an hour. The mixture was poured into 
water, and the precipitate was filtered off and recrystallized from 

ethanol, giving Via in the form of colorless crystals with mp 195 ~ C. 
Found, %: C 79.39; H 4.93; N 7.23. Calculated for C26Hz0OzN2, %: 
C 79.60; H 5.14; N 7.14. 

5-Acetoxy-1, 3, 4-triphenylbenz[g]tndazole (VIb). Thiswas obtained 
from IIb in a similar manner to Via. Colorless crystals with mp 178- 
179 ~ C (from acetic acid). Found, %: C 81.81; H 4.99; N 6.16. Cal- 
culated for CslH22OzN2, ~]~: C 81.89; H 4.88; N 6.17. 
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